National Computational Infrastructure for
L attice Gauge Theory

Principal Investigators

N. Christ(ColumbiaU.), M. Creutz(BNL), P. Mackenzie(Fermilab),
J.Negele(MIT), C. Rebbi(BostonU.), S. SharpgU. Washington),
R. Sugar(UCSB)andW. Watson|lll (JLab)

Decembei8,2001



Executive Summary

Thelongrangeobjective of ourcollaboratioris to createhehardwareandsoftwareinfrastructureneeded
for terascalesimulationsof quantumchromodynamic$¢QCD), the sectorof the Standardviodel of elemen-
tary particlephysicsthatdescribeshe stronginteractionsSuchsimulationsarenecessarfor understanding
someof themostfundamentafjuantitiesn highenegy andnucleamphysicsthussupportinghe Department
of Enegy’slarge experimentakffortsin thesefields.In our SciDAC proposalwve requestedundsfor athree
yearsoftware developmentand hardware prototypingeffort. In the future we plan anotherproposalo the
Departmenbf Enegy for adistributedtopicalcomputingcenterto provide theterascalglatformson which
thesesimulationswill be performed.

Thetwentiethcenturywasaneraof striking progresgowardscomprehendinghefundamentastructure
of matter beginning with the discovery of quantummechanicsandatomicphysics,progressingo nuclear
physicsandculminatingwith the StandardModel of elementanyparticlephysics However, traditionalana-
lytical toolshave proveninadequaté¢o extractmary of thepredictionsof QCD. Ourunderstandingf nature
will remainfundamentallydeficientuntil we know how therich andcomple structureof stronglyinteract-
ing matter which comprisesmostof the known massof the universe,arisesfrom the interactionsamong
quarksandgluons.

At presenttheonly methodo extractnon-perturbatie predictionsof QCD from first principlesandwith
controlledsystematierrorsis throughlarge scalenumericalsimulationsof lattice gaugetheory Recentre-
finementsof numericalalgorithmscoupledwith major increasesn the capabilitiesof massvely parallel
computersave broughtthesesimulationsto anew level. It is now possibleto calculatea few crucialquan-
tities to anaccurag comparablewith their experimentaldeterminationThe strongcoupling constantand
themasse®f the c andb quarksarenotableexamples Furthermorethe experiencewe have gainedallows
confidentpredictionsfor the computingresourcesequiredfor accuratedetermination®f a broadrangeof
fundamentafuantitiesMany of the mostimportantcalculationsvhich we proposeo carryoutwill require
long termuseof multi-teraflopscomputingfacilities.

United Stategphysicistanventedatticegaugetheoryandplay aleadershigole in thefield. To maintain
our statusandprovide neededsupportfor theU.S. high enegy andnuclearexperimentaprogramsywe must
move quickly to constructthe substantiacomputationainfrastructurerequiredfor terascalesimulations.
UnfortunatelytheU.S.isfalling behindEuropeandJaparin building suchinfrastructureOur SciDAC effort
represents first steptowardsa coherentationalplanin supportof the next level of scientificdiscovery
in lattice gaugetheory The ernvisionedterascaleeomputingresourcesill enablecalculationsessentiato
precisiontestsof the Standardviodel, to understandhe structureof nucleonsand other hadrons,andto
determinghe propertiesof hadronicmatterunderextremeconditions.

Massvely parallelcomputersareideally suitedfor lattice gaugecalculationshaving beensuccessfully
exploited for mary years.Furthermorejt hasproven far more costeffective for lattice gaugetheoriststo
build their own computerghanto malke useof generalpurposesupercomputerdn doing sothey cantake
optimal advantageof simplifying featuresof lattice QCD, suchasregular grids and uniform, predictable
communicationsGeneralpurposemachinesnust performwell for a wide variety of problems,including
thoserequiringirregular or adaptve grids, non-uniformcommunicatiorpatternsandmassve input/output
capabilities.Thus, commercialsupercomputerseequireconsiderablymore expensve communicatiorsys-
temsthanareneededor lattice QCD. For this reasonpur plansincludethe developmeniof both hardware
andsoftwareinfrastructure pursuingboth customizedlustersof commoditycomponentandthe develop-
mentof afully customlattice computer The concepiof a topical computingfacility assetoutin the Office
of Sciences computingplanis particularlywell suitedfor lattice gaugetheory

The objective of our SciDAC projectis to supportthe softwaredevelopmentnecessaryo productvely



exploit the ervisionedmulti-teraflopscomputingfacilities. Two architecturesill be targeted:large com-
modity clustersandthe QCDOC thenext generatiorof thehighly successfuColumbia/Riken/BNL special
purposecomputers.

A flexible, userfriendly softwareervironmentis critical to the developmenof efficient new algorithms
andcomputationamethodsWe will collaboratecloselywith our colleaguesn computersciencecomputer
engineeringandappliedmathematicenthe softwareandalgorithmsresearclandthe hardwareprototyping
neededor terascaleQCD systemsThe interplay betweenhardware, software, andalgorithmsresearchis
centralto ourwork.

The softwareinfrastructurewe aredevelopingwill enablemembersof the nationallattice gaugecom-
munity to achieve high performanceon future terascalesystemswhile focusingtheir efforts on frontier
guestionsn physics.This will requireavariety of componentgor high applicationperformanceincluding
standardizedibrarieswith highly tunedcodefor commoncomputationallyintensie tasksand optimized
communicationgrimitives, implementedfor eachtamet architecture At a higherlevel, the projectwill
deliver standardprogrammingmnodels portableapplicationsandusefrfriendly interfaces.The softwarein-
frastructurewill alsoincorporatecomponentfiecessaryo scheduleand monitor jobs, standarddor data
formats,andothertoolsto supportwide accesandmanagemendf large computationabnddataresources.

Scalabilityof lattice applicationgo large clustersof commoditycomputersincludingsymmetricmulti-
processor§SMPs),will beakey developmeniarea.Systemgontaininghundredf processorarerequired
to provide adequateest-beddor the softwareandfor the viability of multi-teraflopsclustersfor QCD. To
this endwe are expandingthe clusterscurrentlyunderdevelopmentat Fermilabandby the MIT/Jefferson
Lab consortium Thesesystemsawill be madeavailableto lattice researcherfor their scientificwork andto
furthertestand“harden”the softwareinfrastructureln this activity, the clusterswill be availableto thefull
U.S. lattice gaugetheorycommunity aswill all of the hardware andsoftware infrastructurecreatedunder
this project.

Thiswork will providethebasisfor afuture proposarequestinglistributedtopicalcomputingresources
for thestudyof QCD. To meetthefull scientificchallenge®f QCD,andto allow U.S.latticegaugeheorists
to competeeffectively with researchersn EuropeandJapanwe planto proposethe coordinateddevelop-
mentof threeopennationalfacilities of 10 Tflopsscalein the period2003-2007 Thefirst terascaldacility
will bea QCDOCbasedmachingo belocatedat BrookhavenNationalLaboratory at a costof lessthan$1
persustainedvflops. The architecturesisedfor the 10 Tflopsfacilities at FermilabandJefersonLab will
be choseron the basisof the experiencegainedwith clustersandthe QCDOC,on their costeffectiveness,
andontheir ability to supportthe scientificprogramwe have setout. This planwill optimally positionusto
exploit future technologiedor fundamentaphysicscalculationsandthis multi-prongedapproachwill be
crucialto maintainingflexibility in thefuture.

Informationregardingcurrentactiities andprogressanbefoundon the projects webpage:
http://physics. bu. edu/ “brower/.

We intendto deplgy grid tools partially developedby the Particle PhysicsData Grid Collaboratoryto
helpusmake the hardwaretestbedsat JefersonLab andFermilabmoreaccessibléo our community and
to testtheir usefulnesgor a futuredistributedLattice ComputingFacility.



